INTRODUCTION A consistent f i n d i n g i n o l d human eyes is t h e marked increase i n h y a l i n i z e d connective t i s s u e between t h e c i l i a r y muscle bundles (1-4). The increase c o r r e l a t e s w i t h t h e onset o f presbyopia
and might w e l l have i n f l u e n c e on t h e f u n c t i o n o f the c i l i a r y muscle i n accommodation. Moreover, t h e a n t e r i o r p a r t o f t h e c i l i a r y muscle e x h i b i t s an age-related increase i n "plaque m a t e r i a l " , which i s even more pronounced i n eyes with primary open angle glaucoma ( 5 ) . Recently we e s t a b l i s h e d and characterized several c e l l l i n e s derived from human c i l i a r y muscle ( 6 ) . I t i s c l e a r t h a t i n v i t r o procedures p r o v i d e a means o f studying t h e s y n t h e t i c c a p a b i l i t i e s o f c i l i a r y muscle c e l l s and t h e f a c t o r s which i n f l u e n c e these a c t i v i t i e s .
I n a previous study we have demonstrated t h a t f i b r o n e c t i n , laminin, and type I V c o l l a g e n form l a r g e p a r t s o f t h e e x t r a c e l l u l a r m a t r i x o f t h e human c i l i a r y muscle ( 7 ) . I n a d d i t i o n , type V I collagen i s present i n considerable amounts i n t h e "plaque m a t e r i a l " i n t h e region o f t h e a n t e r i o r i n s e r t i o n o f t h e c i l i a r y muscle (7, 8) .
I n t h e present study we i n v e s t i g a t e d production and s p a t i a l o r g a n i z a t i o n o f c o l l a g e n types I V and V I , l a m i n i n and f i b r o n e c t i n i n c i l i a r y muscle c e l l c u l t u r e s .
MATERIAL AND METHODS
C i l i a r y muscle c e l l c u l t u r e s were e s t a b l i s h e d from 10 human donors (16-91 years). The immunocytochemical and u l t r a s t r u c t u r a l c h a r a c t e r i z a t l o n o f t h e c u l t u r e s has been described i n d e t a i l elsewhere ( 6 ) . I n b r i e f , t h e c u l t u r e d c e l l s showed t h e t y p i c a l growth p a t t e r n o f c u l t u r e d smooth muscle c e l l s , s t a i n e d f o r smooth muscle s p e c i f i c a -a c t i n and desmin, and e x h i b i t e d u l t r a s t r u c t u r a l c h a r a c t e r i s t i c s o f c i l i a r y muscle c e l l s . A p p l i c a t i o n o f 10 mmol/l BaCls t o t h e c u l t u r e d c i l i a r y muscle c e l l s r e s u l t e d i n a membrane d e p o l a r i z a t i o n w i t h superimposed a c t i o n p o t e n t i a l s ( 9 ) .
The c e l l s were maintained a t 37'C i n a 53 C02 athmosphere. C u l t u r e medium (medium 199 supplemented wlth 10% f e t a l c a l f serum, 50 U m l -l penicillin, 50 pg m l -1 streptomycin and 50 u9 m l -1 ascorblc acid, a l l Gibco Ltd, Palsley, Scotland) was exchanged t w l c e a week. Confluent c e l l s were passaged a t a r a t i o o f about 1:4 uslng trypsln-EDTA. For t h e present study 3rd t o 6th-passage c u l t u r e s , one week a f t e r confluency were Investigated.
Antlbodv s t a i n i n g C e l l s were seeded I n t i s s u e c u l t u r e chambers mounted on PermanoxR m l c r o s l l d e s (Lab Tek*, Nunc Inc., Napervllle, I L ) . Culture medium was removed by r l n s i n g t h r e e tlmes w l t h phosphate-buffered s a l i n e (PBS). The c e l l s were f l x e d w l t h ethanol/ether ( 1 : l ) a t -2O'C f o r 3 mln. The c e l l s were again rinsed three tlmes w l t h PBS and then (Fig. 1) . Staining of confluent cultures for laminin ( Fig. 2A) shows a well established pericellular network which outlines the fuslform shape of the muscle cells. Immunofluorescent staining to demonstrate type IV collagen (Fig.  26) shows only small foci of extracellular fluorescence. The cells exhibit, however, an intense posltlve cytoplasmic staining. Type VI collagen I s confined to the ends of the bipolar cells, whereas the lateral sides of the cells remain unstained (Fig. 3A) . Staining for fibronectin shows a similar spatial organization as staining for type VI collagen, but appears to be more pronounced (Fig. 3 8 ) . Electronmicroscow A t confluency, the ciliary muscle cells are surrounded by an incomplete basement membrane (Fig. 4 A ) . In addition, the cultures show a matrix of extracellular fine fibrils which appear to be aggregated into loose bundles. The fibrils measure 5-20 nm in cross sections and show no apparent evidence of periodicity. Most o f this contact w i t h t h e c e l l membrane i n areas where dense bands are formed (arrowheads). The o r i e n t a t i o n o f t h e f i b r i l s i s p a r a l l e l t o t h e myofllaments (M) w i t h i n t h e c e l l s (x 8800, bar:
. 3 pn).
m a t e r l a l I s present near t h e elongated ends o f t h e b i p o l a r muscle c e l l s (Fig. 4 8 ) 
. Here, t h e o r i e n t a t l o n o f t h e e x t r a c e l l u l a r f i b r l l s i s p a r a l l e l t o t h e a x i s o f t h e i n d i v i d u a l muscle
c e l l s and t h e r e f o r e a l s o p a r a l l e l t o t h e myofllaments w i t h i n t h e c e l l s . The e x t r a c e l l u l a r f i b r i l s are I n close contact w i t h t h e membrane o f t h e muscle c e l l s . I n these areas o f contact, t h e c e l l membrane forms dense bands with adhering myofilaments.
With immunoelectronmicroscopy, intense l a b e l l i n g f o r f i b r o n e c t i n i s seen throughout t h e whole e x t r a c e l l u l a r f i b r i l l a r m a t e r i a l (Fig. 5 ) .
The f i b r o n e c t i n p o s l t l v e f i b r i l s come I n close contact w i t h t h e c e l l membrane o f t h e muscle c e l l s . I n a d d l t i o n t o f i b r o n e c t l n , f i b r i l s which are p o s i t i v e l y l a b e l l e d f o r t y p e V I collagen are present i n t h e bundles o f e x t r a c e l l u l a r f i b r l l s near t h e ends o f t h e muscle c e l l s . I n c o n t r a s t t o t h e f i b r o n e c t i n f l b r i l s , however, t h e t y p e V I collagen f i b r i l s o n l y occasslonally approach t h e
muscle c e l l membrane d i r e c t l y , b u t are u s u a l l y separated from t h e c e l l s by u n l a b e l l e d f i n e f i b r i l l a r m a t e r i a l o f d i f f e r e n t n a t u r e (Fig. 6 ) . Fig. 1 , aproach t h e c e l l membrane d i r e c t l y (arrowheads), 3rd passage). Immunogold l a b e l l i n g f o r t y p e V I but are u s u a l l y separated from t h e c e l l ( C ) by collagen I s a l s o seen i n t h e e x t r a c e l l u l a r u n l a b e l l e d f i n e f l b r l l l a r m a t e r i a l o f d i f f e r e n t f l b r l l s near t h e ends o f t h e muscle c e l l s . The nature (arrow) (x 56000, bar: 180 nm).
conditions, analogous b u t smaller transmembrane form apparent c l o s e transmembrane associations associatlons which were termed "fibronexus" have w l t h t h e cytoplasmic myofllaments and may be been described between f i b r o n e c t l n -c o n t a i n i n g regarded as m i n i a t u r e muscle cell-tendon f i b r i l s and t h e i n t r a c e l l u l a r s t r e s s f i b e r s o f j u n c t i o n s which p r o v i d e an anchoring f u n c t i o n .
hamster and human f i b r o b l a s t s ( 2 7 ) . I n s l t u , These s t r u c t u r e s c o n t a i n n o t o n l y f i b r o n e c t l nthese flbronexus have been demonstrated a t t h e l a b e l l e d f i b r i l s , b u t a l s o t y p e V I collagen. I n surface o f myoflbroblasts i n g r a n u l a t i o n t i s s u e c o n t r a s t t o t h e f i b r o n e c t i n f i b r i l s , type V I ( 2 8 ) .
c o l l a g e n f i b r i l s a r e u s u a l l y separated from t h e muscle c e l l membrane by f i n e f l b r l l l a r m a t e r i a l The e x t r a c e l l u l a r f l b r l l s synthesized by i n s e r t t o t h e t r a b e c u l a r meshwork ( 7 ) . The type V I collagen f i b r i l s form a sheath which surrounds these a n t e r i o r e l a s t i c tendons ( 7 , 8 ) . With age, the sheath thickens s i g n i f i c a n t l y , thereby forming p a r t o f t h e "plaque m a t e r i a l " ( 5 ) .
Q u a n t i t a t i v e studies have shown t h a t both i n t h e trabecular meshwork (29) and i n t h e a n t e r i o r p a r t o f t h e c i l i a r y muscle (51, t h e amount o f t h i s type V I collagen containing "plaque m a t e r i a l " i s s i g n i f i c a n t l y increased i n eyes with primary open angle glaucoma.
Imunohistochemically, we d i d not observe obvious q u a l i t a t i v e changes between c u l t u r e s derived from donors o f d i f f e r e n t ages, b u t q u a n t i t a t i v e measurements have s t i l l t o be done.
W e t r u s t t h a t t h i s c e l l c u l t u r e model provides an important t o o l f o r such q u a n t i t a t i v e s t u d i e s on c o n t r o l mechanisms modulating t h e production o f e x t r a c e l l u l a r m a t r i x by c i l i a r y muscle c e l l s .
These studies might be h e l p f u l i n c l a r i f y i n g t h e reasons f o r t h e increase i n e x t r a c e l l u l a r m a t e r i a l i n t h e c i l i a r y muscle i n o l d and glaucomatous eyes. Age-related changes o f t h e human c i l i a r y muscle. A q u a n t i t a t i v e morphometric study. Mech. Ageing Develop. i n press. LOtjen-Drecoll, E., Shimizu, T., Rohrbach, M. and Rohen, J.W. (1986) Q u a n t i t a t i v e a n a l y s i s o f "plaque m a t e r i a l " between c i l i a r y muscle t i p s i n normal and glaucomatous eyes. Exp. Eye Res. 42, 457-465.
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